Bone speed of sound is a measure of bone breakability. There are few reports on bone mineral content in large for gestational age infants; most of them in infants of diabetic mothers. There are no data on bone speed of sound in large for gestational age infants of nondiabetic mothers.
INTRODUCTION
Bone status at birth is highly dependent upon the intrauterine metabolic or nutritional environment. 1 In a previous study, using single-beam photon absorptiometry, we have shown that infants of diabetic mothers (IDMs) have a decreased bone mineral content at birth. 2 In contrast, one study by Hammami et al. 3 reported an increase in bone mineral content of large for gestational age (LGA) infants of diabetic mothers, while the study by Lapillonne et al. 4 showed no change of bone mineral content in these infants. There are little data on bone status of LGA infants of nondiabetic mothers (InDMs).
In 1987, Wright et al. 5 used an experimental prototype ultrasound instrument and proposed the speed of sound (SOS) as a noninvasive method of evaluation of bone status. Wright et al. 5 also showed this technique of measurement to be highly predictive of bone breakability. Since then, a quantitative ultrasound instrument has been developed and marketed, that allows measuring bone SOS in small infants on a routine basis. 6 Using this instrument, we have recently developed standard curves of neonatal bone SOS in appropriately grown, singleton infants ranging in gestational age from 25 to 42 weeks. 7 We designed this study in order to measure the ultrasound bone velocity of LGA InDMs. We hypothesized that LGA infants have decreased bone SOS when compared to standard control curves obtained in appropriate for gestational age (AGA) InDMs.
METHODS

Patients
All infants were born at the Lis Maternity Hospital between November 2000 and February 2003. Most were Caucasians of Jewish origin, and their appropriateness for gestational age was examined using the growth curves of Lubchenco et al. 8 The LGA infants studied, defined as infants with a birth weight above the 90th weight percentile, ranged in gestational age from 38 to 41 weeks, and in birth weight from 3700 to 4850 g; their mothers were nondiabetic, as determined from a normal glucose challenge test performed at 24 to 28 weeks of gestation. 9 Data obtained in LGA infants were compared with the standard control curves obtained in AGA InDMs, as published previously by us. 7 In all infants (LGA and AGA controls), gestational age was calculated from the last menstrual period consistent ±2 weeks with early, first-trimester ultrasound evaluation, and the new Ballard scoring system at birth. 10 All AGA term infants were the products of an uncomplicated pregnancy, labor and delivery. Only ''healthy'' term infants were included in this study, and they were the products of singleton, uncomplicated pregnancies, labors and deliveries.
Design
Our Institutional Review Board approved the study; written informed consent was obtained from at least one of the parents. Per protocol, all infants were studied within the first 96 hours of life. Measurements were performed on the right tibia.
Biophysical Methods
The Sunlight Omnisense 7000p device, Tel Aviv, Israel was used. The technology allows to measure axially transmitted SOS, believed to indicate overall bone strength by reflecting properties such as mineral density, elasticity, cortical thickness and microstructure. The instrument generates inaudible high-frequency pulsed acoustic waves at a center frequency of 1.25 MHz. Ultrasonic waves are successively transmitted and received by transducers embedded in the ultrasound probe. By measuring the propagation times along the different trajectories, the SOS of the bone is determined. The axial transmission of ultrasound permits to eliminate soft-tissue effect and is not affected by soft-tissue thickness since the distance is constant. 11 As ultrasound waves pass through a medium, the speed, dispersion and attenuation of the signals are strongly influenced by the density, elasticity and cohesiveness of that medium. The higher the density of the medium, the more cohesive its microstructure and the greater its modulus of elasticity, the faster the speed of propagation.
A single investigator (YL) measured bone SOS in all infants. 7 For the purpose of bone SOS measurement in infants, a small probe (1.4 cm Â 2.7 cm Â 11 cm), 900 to 1000 kHz was utilized. The following procedure was followed: the mid-tibia location was determined using a special caliper measuring the knee -sole length (KSL). The location of the measurement was marked using a commercial eyeliner pencil. The tibia was then scanned repeatedly on its inner face with sweeping movements from the posterior to the anterior aspect of the bone. The instrument averages three statistically consistent measurements (coefficient of variation below 1.2%). In case five measurements do not produce three close results, the procedure is aborted and has to be repeated. Using this instrument at the tibial site, the mean±1SD in 20-yearold females is 3939±111 m/second, with coefficients of variation reported by the manufacturer (within-measurement and between measurements) below 1.2%. In term neonates, our coefficients of variation (within-measurement and between measurements) are below 0.5%.
Statistical Methods
The Minitab statistical program was utilized for analyses (Minitab, State College, PA). We used paired t-tests between the actual value obtained in every LGA infant and the theoretical, computed average normal value for gestational age, birthweight, or KSL. Results are expressed as mean±SD. A p-value of <0.05 was considered significant.
RESULTS
A total of 25
LGA infants were recruited in the study. Birthweight was 4111±290 g, range (3700 to 4850 g), and in gestational age 39.6±1.1 weeks (38 to 41 weeks). In all infants, it was possible to reach three close measurements within 0.5% coefficient of variation. Table 1 depicts the bone SOS measured in LGA infants versus the theoretical, computed average normal value for gestational age, birthweight, or KSL computed from our previously published standard control curves. 7 Measured bone SOS in LGA infants was significantly lower than the computed values predicted from the standard curves. Figure 1 depicts in a graphic manner the data obtained in LGA infants plotted on the normal control curves of bone SOS in AGA InDMs.
DISCUSSION
We have shown that LGA infants born between 37 and 41 weeks of gestation have decreased bone SOS, compared to normal AGA values predicted from our standard curves.
Previous investigations of bone metabolism in LGA infants have led to apparently contradicting results. In our study of LGA infants of insulin-dependent diabetic mothers, there was a decreased bone mineral content measured by photon absorptiometry. 2 Similarly, in a rat model, maternal diabetes in pregnancy led to a decreased skeletal fetal mineral content. 2 In contrast, using the same method of photon absorptiometry, Hammami et al. 3 found a ''beneficial'' Predicted bone SOS was obtained from our previously published data of singleton AGA infants, and computed from the curves of bone SOS plotted against either gestational age, birth weight or KSL.
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Bone Ultrasound Velocity of LGA Infants effect of maternal gestational or pregestational diabetes on fetal mineral metabolism, leading to enhanced bone mineralization. Our study differs from the two above-mentioned studies in that our
LGA infants were born to nondiabetic mothers, and that bone status was assessed using ultrasound velocity. Keeping these differences in mind, we found a decreased bone SOS in LGA InDMs. The mechanism for the lower bone SOS in LGA infants is not clear. When maternal diabetes coexists, decreased maternal mineral stores, 12, 13 and decreased placental mineral transport 14 have been suggested as contributing factors. The very perturbed maternal -fetal environment in diabetes may be influential by many other potential mechanisms. However, when diabetes is absent, as in the current study, the reason(s) for this decrease is even less obvious, and we can only speculate about this finding. The same metabolic or genetic factors, which led to the fetal macrosomia, may have also led to the bone changes. One possible environmental factor is the relative lack of motion of macrosomic infants, as compared to AGA infants. Indeed, a larger infant is less likely to exhibit large motions in a physically restricted environment, as it is a very well-known phenomenon that in the last weeks of normal pregnancies, while fetal weight reaches its maximum values, pregnant women describe a relative decrease in fetal movements. 15 Physical activity is known to enhance bone mineral accretion, 16, 17 which may be even more important when the fetus is in a fluid space, with decreased gravity. 18 Thus, we speculate that decreased physical activity in LGA infants leads to a decrease in bone SOS.
Regardless of the mechanism, the results of our study may signify that bone breakability, well predicted by bone SOS, 5 may be increased in LGA infants. This would place them at a double jeopardy, since their increased size is also likely to increase their risks for difficult deliveries, and for birth trauma. 
